Abstract Regulation of RNA transcription in controlling the expression of genes at promoter and terminator regions is crucial as the interaction of RNA polymerase occurred at both sites. Gene encoding cyclodextrin glycosyltransferase (CGTase) from Bacillus sp. NR5 UPM isolated in the previous study was used for further construction of pTZCGT-SS, pTZCGT-BS and pTZCGT-BT expression systems for enhancement of CGTase production. The putative promoter regions, -35 and -10 sequences were found in the upstream of the mature gene start codon. Whereas, long inverted repeats sequences which can form a stable stem and loop structure was found downstream of the open reading frame (ORF) of Bacillus sp. NR5 UPM CGTase. The construction of E. coli strain harbouring pTZCGT-BS showed increment of 3.2-fold in CGTase activity compared to the wild type producer. However, insertion of terminator downstream of CGTase gene in E. coli strain harbouring pTZCGT-BT only resulted in 4.42 % increment of CGTase production compared to E. coli strain containing pTZCGT-BS, perhaps due to low intrinsic termination efficiency. Thus, it is suggested that the insertion of the putative promoter regions upstream of the coding sequence for the construction of CGTase expression system will further enhance in the recombinant enzyme production.
Introduction
Cyclodextrin glycosyltransferase (CGTase, EC 2.4.1. 19 ) is an industrially important group of starch-converting enzyme [1] that synthesizes cyclodextrin (CD) through cyclisation reaction [2] . The CD is beneficial to be used in various applications, such as in the field of biotechnology, food, pharmaceutical, agriculture, chemical, textile industries and environmental protection [3] . However, the major obstacle of CGTase production in the large scale is the enzyme produced by wild type bacteria are not easily obtained at higher concentration. In addition, the production of CGTase from the parental strain is time consuming, which is not preferred in industrial application. Hence, the construction of recombinant CGTase is one of the favourable approaches for enhancement of enzyme production [4] .
Over expression of the gene has been widely reported which is able to significantly increase the enzyme yield, reduce the cultivation time for enzyme production and enhance the enzyme stability [5] . Besides that, the recombinant CGTases are able to produce less contaminating protein compared to wild type [6] , hence leading to easier purification steps. Various molecular cloning approaches have been used to accelerate the CGTase production by recombinant cells including the use of different promoter systems to regulate the expression level [7] . To study on the effect of inclusion of regulatory sequences involved in RNA transcription, three CGTase expression systems (pTZCGT-SS, pTZCGT-BS, pTZCGT-BT) were developed by inserting the putative promoter regions and transcriptional terminator, upstream and downstream of CGTase gene, respectively. The properties of wild type and recombinant enzymes produced were compared.
Materials and Methods

Bacterial Strain and Plasmids
An alkalophilic bacterium, Bacillus sp. NR5 UPM was isolated from soil [8] . Escherichia coli JM109 [endA1, recA1, gyrA96, thi, hsdR17 (rk-, mk?), relA1, supE44, D (lac-proAB), F' (tra D36, pro AB, lacIqZ D M15)] from Promega was used as the host strain. Plasmid pTZ57R/T from Thermo Scientific Inc. was used as the cloning vector.
Medium and Culture Conditions
Escherichia coli was cultured in Luria-Bertani (LB) broth for inoculum preparation. Ampicillin (100 lg/ml) was added to the medium to allow the growth of the plasmidcarrying strain. Briefly, the overnight pre-cultures were grown to obtain cell density of 1.5 at 37°C in an incubator shaker at agitation speed of 200 rpm to be used as inoculums. The Terrific Broth (TB) supplemented with 100 lg/ml ampicillin was used as a growth medium for preparation of crude recombinant CGTase. The culture was incubated at 37°C, agitated at 200 rpm for 24 h.
DNA Manipulation, Gene Isolation and Cloning Procedures
DNA manipulations were performed according to the standard methods as described by Sambrook and Russel [9] . The isolation of the putative promoter regions and transcriptional terminator sequences were carried out using DNA walking SpeedUp TM Premix Kit II (Seegene, Inc), continuing on the DNA walking work on the isolation of full length of CGTase gene [10] . The genomic DNA from Bacillus sp. NR5 UPM was used as a template. The amplified PCR fragments were ligated into pTZ57R/T vector for the construction of CGTase expression systems. The reactions for the amplification of CGTase with putative promoter regions and transcriptional terminator site contain 1 lg of genomic DNA, 200 pmol of each forward and reverse primer, 0.01 ll of Taq DNA polymerase in 19 reaction buffer and 0.2 mM of dNTPs in a final volume of 20 ll. The specific primers designed for amplification of CGTase which used for construction of pTZCGT-SS, pTZCGT-BS and pTZCGT-BT expression systems are P1 5 0 -AGC GGA TCC TTG TTT TAT TTT ATA TAC  GTT-3 0 , P2 5 0 -GTC AAG CTT TTA CCA ATT AAT CAT  AAC CGT-3 0 , ProB 5 0 -TTA GGA TCC TTG CTC TAG  ATT GAT CAA CCA-3  0 and Term 5  0 -ATT AAG CTT TTT  TCC ACG GAG GAG GCT-3 0 . DNA fragments were separated by agarose gel electrophoresis and recovered using Wizard SV Gel and PCR Clean-Up System (Promega, USA). The ligation products were used to transform into E. coli JM109. The LB-ampicillin (100 lg/ml) plates containing IPTG and X-gal were used to plated out the transformation mixtures. After growth at 37°C for 12 h, the white colonies were chosen for confirmation of insert.
Nucleotide Sequence Determination and Analysis
The nucleotides of Bacillus sp. NR5 UPM CGTase gene, the conserved promoter regions and transcriptional terminator sequences were compared to those available at the GenBank and were aligned by using BioEdit 7.01 programme. The -35 and -10 sequences of the putative promoter regions were identified by searching the published CGTase sequences at the NCBI database. The sequence upstream of CGTase genes were selected as the promoter region to be compared. The sequences of PCRisolated CGTase gene, the putative promoter regions and transcriptional termination site were verified by dyeterminator cycle sequencing with an automated DNA sequencer, provided by FirstBase Laboratories, Biosyntech Malaysia.
Assay of Enzyme Activity
The CGTase activity was measured using phenolphthalein assay [11] . Reaction mixture containing 1 ml of 40 mg of soluble starch in 100 mM phosphate buffer (pH 6.0) and 0.1 ml of enzyme solution was incubated at 60°C for 10 min in a water bath. Then, 3.5 ml of 30 mM NaOH was added to stop the reaction. Subsequently, 0.5 ml of 0.02 % (w/v) phenolphthalein in 5 mM Na 2 CO 3 solution was added to the reaction mixture and mixed well. After 15 min, the reduction in colour intensity was measured at 550 nm. Blanks lacking the CGTase were analysed simultaneously with each batch of samples. As a standard, the soluble starch and enzyme were replaced by 0.5 mg of b-CD and 0.1 ml of water, respectively. A calibration curve was made using b-CD in 100 mM phosphate buffer, pH 6.0. One unit of enzyme activity was defined as the amount of enzyme that formed 1 lmol b-CD per minute under the conditions defined above.
Molecular Weight Determination
The molecular weight of the crude CGTases from the wild type and recombinant constructs were predicted by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), according to the method proposed by Laemmli [12] . The molecular weight and homogeneity of the enzyme were determined under denaturing conditions. The SDS-PAGE was carried out on a Bio-Rad Mini-Protean II Gel System (Bio-Rad Laboratories, Hercules, MA, USA) using 59 sample buffer (2.3 ml of 10 % SDS, 4.8 ml of 50 % glycerol, 0.6 ml of distilled water, 0.5 ml of 2-mercaptoethanol, 1 ml of 1 % bromophenol blue and 8 ml of 1 M Tris-HCl, pH 6.8). Determination of protein was done according to the Bradford assay [13] using bovine serum albumin as the standard. In addition, the acetone precipitation was done to concentrate the protein samples and remove small interfering species such as salts and detergents for SDS-PAGE application.
Effect of pH on Crude CGTase Enzyme
Optimum pH for the crude enzyme was measured by reacting the enzyme with soluble starch dissolved in different buffers at pH 4-9 [14] . The phosphate buffer (0.1 M), pH 6 used in the CGTase assay was replaced with the following buffers: sodium acetate buffer, 0.1 M (pH 4-5), potassium phosphate buffer, 0.1 M (pH 6-8) and glycine-NaOH buffer, 0.1 M (pH 9). The reaction was carried out using the CGTase assay procedure. A pH profile of the relative activity versus pH was drawn by taking the enzyme activity of optimum pH as 100 %.
Effect of Temperature on Crude CGTase Enzyme
The optimum temperature for the crude recombinant CGTase enzyme was determined by incubating the reaction mixture of CGTase assay in 0.1 M phosphate buffer pH 6.0, at temperatures ranging from 40 to 80°C for 10 min [14] . Then, the reaction was done according to the method of CGTase. A temperature profile of the relative activity versus temperature was drawn by taking the enzyme activity at optimum temperature as 100 %.
Results and Discussion
The full length of CGTase gene isolated from Bacillus sp. NR5 UPM (GenBank accession number HQ876173) [10] is used for further isolation of the conserved promoter regions and transcriptional terminator site of CGTase, located upstream and downstream of CGTase gene, respectively. The putative promoter regions, -35 (TTACGA) and -10 sequences (ATTAAT) were found in the upstream of the mature gene start codon at nucleotides 448 through 454 and 473 through 478, respectively (Fig. 1) . Makrides [15] reported that the promoter is commonly located around 10-100 bp upstream of the ribosome binding site (RBS) and might be integrated in the host chromosomes where the isolation can be carried out or present in the vector itself.
The -35 and -10 sequences of the putative promoter regions of Bacillus sp. NR5 UPM CGTase were identified by comparing the sequences with relatively few conserved promoter sites, upstream from CGTase genes reported by the other study [14, 16, 17] . The -35 and -10 sequences of the putative promoter regions, upstream of Bacillus sp. KC201 CGTase (GenBank accession number D13068.1), genomic locations 413-418 and 435-440, respectively; Bacillus sp. G1-2004 CGTase (GenBank accession number AY770576.1), genomic locations 65-70 and 89-94, respectively; and Bacillus sp. TS1-1 CGTase (GenBank accession number AY770575.1); genomic locations 58-65 and 83-88, respectively, were identified within the NCBI database.
Downstream of the coding sequence of Bacillus sp. NR5 UPM CGTase, long inverted repeats sequences were found which can form a stable stem and loop structure (Fig. 1) . The terminators in B. subtilis function independently of Rho protein, suggesting that the Rho-independent termination is dominant in this organism. Rho-independent terminators consist of an inverted repeat in the primary DNA sequence followed by short stretch of thymine residues, thus allows for an easier prediction of the transcriptional termination signal directly from the DNA sequence. The dyad symmetry of DNA sequences gives rise to a stemloop structure in the transcribed mRNA molecule, which caused the RNA polymerase complex to stop the transcription process. The polymerase will dissociate from the DNA as there is a decreased binding of uridine to the corresponding adenine sequence in the DNA, thus terminating the transcription process [18] .
Several techniques can be used for enhancement of recombinant proteins production, including the use of different promoters to regulate the expression levels, different host strains, co-expression of various proteins such as chaperones, reduction of culture temperature and secretion of proteins into the periplasm or culture medium [7] . In this study, the effect of insertion of the putative promoter regions and transcriptional terminator, upstream and downstream of CGTase gene, respectively, in the regulation of CGTase expression level has been investigated. Three CGTase expression systems which are pTZCGT-SS, pTZCGT-BS and pTZCGT-BT were constructed. Then, each of it was transformed into E. coli JM109 as a host. The pTZ57R/T vector is used in the expression of CGTase gene, which carrys T7-vector located promoter. The locations of the ORF of CGTase gene, the putative promoter regions and transcriptional terminator of CGTase from Bacillus sp. NR5 UPM for construction of pTZCGT-SS, pTZCGT-BS and pTZCGT-BT systems were illustrated as in Fig. 2 .
The expression of CGTase in E. coli strain harbouring pTZCGT-SS, pTZCGT-BS and pTZCGT-BT resulted about 2.1-, 3.2-and 3.3-fold greater of enzyme production, respectively, than in Bacillus sp. NR5 UPM. However, E. coli strain carrying pTZCGT-BS showed the highest specific activity (425.034 U/mg) compared to the wild type strain and other constructs (Table 1) . Interestingly, all the enzymes produced by the recombinant strains showed reduction up to one-fourth of cultivation time compared to wild type bacteria. In addition, the presence of 29 amino acids residues of signal peptide had successfully facilitated in the extracellular secretion of recombinant enzyme, as reported in previous work [10] . In this study, the extracellular production of CGTase by recombinant constructs appear to be regulated by growth substrate; thus known as growth-associated enzyme, since the highest enzyme activity was detected during the log phase of the cell growth (Fig. 3) . Moreover, the secreted CGTase from the recombinant strains showed the characteristic of adaptive enzyme, in which the enzyme was formed by the cell in response to the presence of the substrate.
The study on the inclusion of the putative promoter region downstream of T7-vector located promoter in pTZCGT-BS system was done to achieve higher expression and secretion level of CGTase enzyme. To confirm the functionality of this vector, the pTZCGT-SS system has been constructed to observe the difference in the expression level of enzyme by these two systems. The pTZCGT-SS system was designed without insertion of both putative promoter regions and transcriptional terminator site for CGTase gene expression (Fig. 2) . The CGTase expression level were substantially higher in E. coli strain harbouring PTZCGT-BS with the increment of about 1.6-fold of CGTase activity compared to E. coli containing PTZCGT-SS. Thus, the efficiency of insertion of putative promoter regions, located downstream of T7-vector located promoter in the construction of pTZCGT-BS expression system for enhancement of enzyme expression level is verified. In different study, same observation has been reported by which the inclusion of the second constitutive promoter, P 59 upstream of the HpaII promoter in the pBSMuL2 vector resulted in successful expression and efficient secretion of cutinase enzyme into the medium [19] .
Yansura and Henner [20] stated that the promoter should be strong, tightly regulated and easy to transfer to almost any host strains to make it useful in gene expression. Besides, the use of simple and cheaper induction of promoter in both shake flasks and fermenters is in the attention of the biotechnological industry. Thus, the effect of IPTG induction on the expression of CGTase has been investigated. The recombinant strain carrying pTZCGT-BS has been selected for further study due to the higher specific activity obtained compared to the other constructs. The successful expression of enzyme without use of IPTG as an inducer has been recorded as shown in Fig. 4 . At 12 h of fermentation, only a slight increment of CGTase activity was achieved with the used of 0.01 mM IPTG. Meanwhile, the supplied 0.1 mM of IPTG in the culture broth presented a negative effect in the enzyme expression as the reduction of CGTase activity was recorded. Thus, it is suggested that the CGTase expression was not strongly dependent on the T7 promoter located on the vector in this strain. The used IPTG in the enzyme expression is not preferred as it is costly and its consumption in high concentrations may interfere to the cell growth [21] . Thus, the ability of cell to use less inducer to obtain the same level of transcription is valuable in the protein expression. The same finding had been reported by Oguma et al. [22] , which the production of cyclodextrinase in E. coli JM109 harbouring pCD722 was not stimulated by the addition of IPTG. Both the promoter and transcriptional terminator region are important in regulating the expression level of enzyme. The binding of RNA polymerase to the promoter region will start the transcription process and continues until it reaches a transcriptional terminator [18] . Hence, the pTZCGT-BT expression system was constructed to study on the significant effect of insertion of the putative promoter regions and transcriptional terminator site of CGTase on the enzyme expression. Terminator that was located downstream of the coding sequence is beneficial as it serves to stabilise the mRNA and the vector. Besides it role as a signal to terminate the transcription process, the transcriptional terminator also acts as a protective element composed of stem-loop structures, protecting the mRNA from exonucleolytic degradation and extending the half-life of mRNA [15] . Park et al. [23] reported the presence of terminator greatly increased the production of glucose oxidase, while the deletion of most of the terminating region resulted in a low amount of enzyme produced. Besides, the presence of the terminator that resembles the terminator of the 7SL RNA gene has increased the Alu expression in vivo in a position independent manner [24] . However, in this study, the insertion of the transcriptional terminator downstream of the CGTase gene in E. coli harbouring pTZCGT-BT did not give significant difference in CGTase expression levels, which resulted in a slight increment of CGTase activity (4.42 %) compared to E. coli strain harbouring pTZCGT-BS (Table 1) . It was noted by Reynolds et al. [25] , after comparing several model system of rho-independent terminators, some factors were known to influence the termination efficiency such as the environment, salts concentration in the reaction, nucleoside triphosphate substrates concentration and types of templates involved in the transcription, either in supercoiled or linear form. Later, the molecular weight of crude recombinant CGTase was predicted using sodium dodecyl sulphatepolyacrylamide gel electrophoresis (SDS-PAGE). Earlier, the acetone precipitation was carried out in order to concentrate the protein with increment of 68 to 83-fold of protein concentration for all the protein samples from recombinant CGTase constructs (results not shown). One of the band with the protein size around 75-80 kDa was observed for all the protein samples on the 12.5 % Coomassie Brilliant Blue R-250 stained gel (results not shown). Electrophoresis of CGTases from Bacillus sp. NR5 UPM and its E. coli transformants showed similar mobility on non-denaturing gel. This result is in agreement with the deduced molecular weight from the nucleotide sequence of CGTase gene, which is 78.6 kDa. The purified CGTase from alkalophilic Bacillus sp. G-825-6 also showed almost in accordance with the Bacillus sp. NR5 UPM CGTase with the molecular weight of 78.2 kDa [1] . Other studies reported the molecular weight of the purified CGTase ranged from 50 to 83 kDa [26, 27] .
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Further characterisation of CGTase was carried out to determine its optimum pH and temperature. The optimum pH of the crude recombinant CGTases from E. coli strains, each harbouring pTZCGT-SS, pTZCGT-BS and pTZCGT-BT were determined to be pH 6.0 (Fig. 5a) . It was observed that the extreme pH give a critical effect on the enzyme activity. At pH 4.0 and 9.0, the losses of CGTase activities produced by the recombinant constructs were recorded to be almost 75-85 %. Most of the reported CGTase exhibited optimum pH ranging from 5.0 to 7.0 [28] , with no detection of CGTase activity at pH below 4.0 or above 10.0 [29] . The results suggest that a slightly acidic or near-neutral pH range is needed for the crude recombinant CGTases to perform its reaction optimally. The same finding has been reported by Kitamoto et al. [17] which recorded pH 6.0 as an optimum pH for the CGTases from Bacillus sp. KC201 and the E. coli transformant to be functioned. Meanwhile, the optimum temperature to produce recombinant CGTases from E. coli strains, each harbouring pTZCGT-SS, pTZCGT-BS and pTZCGT-BT were found to be at 60-70°C (Fig. 5b) . Other studies reported that most of the purified CGTase exhibit optimum temperature ranging from 50 to 80°C [26, 30] , with the complete destruction of cyclisation activity at 80-90°C. The change in the optimum temperature of the recombinant enzyme might be caused by the difference in cell type, intra or extra-cellular environment and the modification in amino acid residues that involved at the active site of enzyme [6] . Besides, the heat stability is influenced by the N-terminal part of an enzyme [31] . However, Kitamoto et al. [17] stated that the heat stabilisation of the recombinant enzyme might be caused by the modifications of the secondary and/ or tertiary structures of an enzyme in E. coli cells.
Conclusion
The selection of the suitable promoter to be used in the expression system strongly suggests that the promoter is the main sequence in determine the efficacy of transcription system. Meanwhile, the recognition of the terminator by RNA polymerase will influence in the transcription termination process. In this study, the increment of 3.2-fold of CGTase activity at one-fourth of cultivation time by E. coli strain harbouring pTZCGT-BS verified the importance of introducing the putative promoter regions upstream of CGTase gene in enhancement of enzyme expression. However, slight increment of CGTase activity showed by E. coli strain carrying pTZCGT-BT might caused by the low termination efficiency involved in the switch between elongation of transcription and termination.
